Introduction
In noise control engineering, airflow resistance is the most important input parameter for estimating sound absorption for porous type absorbers. It is defined as the ratio of the pressure drop to the airflow velocity through a test sample. 1, 2 The airflow resistance could effectively describe the resistance effects of air passed through a fibrous material. As described in ISO 9053, 1 the standardized measurement procedure is based on the unidirectional and controlled airflow or the alternative airflow, and it is necessary to determine the alternating component of the pressure in the test volume. The recommended airflow velocity should be as low as 0.5 mm/s or 5 mm/s; the test procedure usually requires complicated equipment. 3 Moreover, it is known to be imprecise to measure specific airflow resistance when it is lower than 50 Pa s/m due to low signal-to-noise ratios. 4, 5 Similar to the airflow resistance, the test principle of the air permeability is also based on the air pressure drop and airflow velocity. The air permeability is easily measured through the widely used fabric air permeability instrument in textiles industry. 6 In this work, the specific airflow resistance of woven fabric was calculated from air permeability according to ISO 9237 (Ref. 7) and measured according to ISO 9053. 1 To validate the reliability of measured and calculated specific airflow resistance, Pieren's absorption model 5 was used to predict the sound absorption coefficients of woven fabrics. The purpose of this work is to investigate which input parameter could predict sound absorption via Pieren's model more accurately, and further study the effects of the air pressure drop. For textile materials, air permeability data are more available, so it is advantageous to obtain the airflow resistance from the air permeability.
Methodology
The air permeability is the amount of air passing through a specific area in the given time. According to Darcy's law, air permeability could be intrinsically determined by the following equation: where Q m is the rate of flow (m/s), k is the flow permeability coefficient (non-dimensional), Dp is the pressure drop (Pa), l is the dynamic viscosity of the air (Pa s), and d is the thickness of the fabric (m). The flow permeability coefficient k is determined by the intrinsic characteristics of fibrous materials, such as porosity and tortuosity. According to ISO 9237, 7 the air permeability Q (mm/s), is the velocity of airflow passing perpendicularly through a specimen,
where q v has the volumetric airflow rate (Liter/min), A p is the cross-sectional area of the fabric (cm 2 ), and 167 is the unit conversion factor. As specified in ISO 9053, 1 specific airflow resistance R s (Pa s/m or Rayls) could be defined by the following formula:
where Dp is the differential air pressure in pascals (Pa), q 0 v is volumetric airflow rate (m 3 /s), and A f is the test area of sample (m 2 ). It could be seen that the calculation process is closely related to the volumetric airflow rate. Assuming that these two volumetric airflow parameters are equivalent, so q v /q 0 v ¼ 1000 Â 60, the relationship between specific airflow resistance and air permeability is obtained as follows:
where A 0 f is the fabric area in the test of specific airflow resistance (cm 2 ). Obviously, the pressure drop, Dp, plays an important role in the calculation of R s from Q in Eq. (4).
According to ISO 9053, 1 the air pressure drop sensitivity for measuring airflow resistance should be as low as 0.1 Pa. However, the pressure drop in the test of air permeability is generally higher than 50 Pa according to ISO 9237, 7 for example, 100 Pa for apparel fabric and 200 Pa for industrial fabric. So, is it possible to deduce the specific airflow resistance based on the measured air permeability of pressure drop higher than 50 Pa? What is the effect of pressure drop on the reliability of calculated specific airflow resistance? Sections 3-5 discuss measured results of the specific airflow resistance and air permeability of fabrics according to ISO 9053 and ISO 9237, respectively, 1, 7 and then the effects of the air pressure drop.
Measurements
The photos of 24 fabrics used in this work are shown in Fig. 1 . The air permeability was tested by a fabric air permeability instrument (YG461E, Ningbo Textile Equipment Co., Ltd., China) in accordance with ISO 9237. 7 It can be seen from Eq. (4) that the measured air permeability was affected by the air pressure drop, Dp. As stipulated in ISO 9237, 7 the pressure drop that ranged from 50 to 500 Pa could be applied according to different kinds of fabrics. In this study, the pressure drop is 50, 100, 150, and 200 Pa, while the test fabric area A p is 50 cm 2 . Specific airflow resistance was measured by the Nor1517A equipment (Airflow Resistance Measurement System, Norsonic Co., Ltd., Norway) according to ISO 9053. 1 The sound absorption coefficients of the 24 fabrics are measured by the impedance tube method according to ISO 10534-2. 8 
Air permeability and airflow resistance
The measured air permeability under different pressure drops and specific airflow resistance of 24 fabrics are listed in Table 1 , where the air permeability is ranging from 200 to 1400 mm/s. In addition, it could be known from Eq. (4) that the specific airflow resistance is inversely proportional to the air permeability under the given pressure drop. Figure 2 shows the measured and calculated airflow resistance with the vertical bars as standard errors. In Fig. 2 , most of the measured specific airflow resistance (18 out of 24 fabrics) are lower than the calculated values by Eq. (4) from air permeability with a pressure drop of 50 Pa. In addition, the difference between measured and calculated values is gradually decreased with the increase of specific airflow resistance. For the fabrics with measured specific airflow resistance higher than 80 Pa s/m, the measured values agree better with the calculated values. This result concurs with the previous study that the test accuracy of low specific airflow resistance is poor due to low signal-to-noise ratios. 4,5,9 Therefore, the Pearson In this study, the air permeability ranges from 200 to 1400 mm/s, which is far higher than the limit value of 0.5 mm/s reported by Beranek and V er. 11 It has been found that the specific airflow resistance depends on the airflow velocity higher than 0.5 mm/s due to the pressure drop effects. In Sec. 5, Pieren's model was used to predict the sound absorption properties of fabrics based on both measured and calculated specific airflow resistance.
Prediction of sound absorption
Pieren has established a model to predict the sound absorption properties of thin fabrics. 5 In his model, specific airflow resistance R s is used to characterize the sound energy loss inside the fabric, which is mainly attributed to the viscous friction. The expression of surface impedance is formulated as follows:
where Z s is the impedance of fabric and Z c is the impedance of backing air gap, and D is the air gap depth, which is 0.03 m. k 0 denotes the wave number in air, and x is the angular frequency, m is the surface mass density (kg/m 2 ), Z 0 is the air characteristic impedance, Z 0 ¼ qc, q is the air density (kg/m 3 ), and c is the speed of sound in air (m/s). The normal incidence sound absorption coefficients are calculated as 1 À jðZ T À qcÞ=ððZ T þ qcÞj 2 . 5 In Fig. 3 , the measured sound absorption coefficients a measured by the impedance tube method and predicted sound absorption coefficients a predicted are compared. As shown in Fig. 3(a) , a predicted using the measured specific airflow resistance is generally lower than the measured coefficients. In Figs. 3(b)-3(e), the predicted absorption coefficient is gradually increased with increasing pressure drop. In addition, the calculated specific airflow resistance from the air permeability can better predict the sound absorption coefficients than the measured ones by ISO 9053. 1 The linear regression equations and coefficients of determination R 2 between the measured and predicted sound absorption coefficients are shown in Fig. 3 . In Fig. 3(a) , R 2 is as low as 0.85, whereas R 2 values are higher than 0.91 using the predicted specific airflow resistance, as shown in Figs. 3(b)-3(e). The slopes of the regression lines are close to 1 for Dp ¼ 100 and 150 Pa, indicating that these are good prediction models for sound absorption for textiles. 
Conclusions
This work proposes a method to calculate the specific airflow resistance of textiles from air permeability in accordance with ISO 9237 (Ref. 7) and ISO 9053. 1 The results indicated that the measured airflow resistance was generally lower than the calculated specific airflow resistance from air permeability under the given pressure drops. Using Pieren's absorption model, the sound absorption coefficients predicted from the calculated airflow resistance based on air permeability agree better with impedance tube measurements than those predicted from the measured specific airflow resistance. 
